As the gap between retirement resources and needs grows, many researchers have prescribed the antidote of working longer. But this prescription may disadvantage lower socioeconomic status (SES) households because they have shorter lives than higher-SES households, and working longer may increase existing disparities in retirement durations. This paper uses data from the National Longitudinal Mortality Study to quantity these disparities by SES since 1979, using education as a proxy for SES. The paper finds that age-65 life expectancies have increased for all levels of educational attainment but that the gains have been much greater for those in the top quartile. The paper uses these calculations to determine hypothetical retirement ages that hold constant for each SES group the 1979 ratios of time spent in retirement to time spent working. The findings suggest that all educational groups can work longer today than in the past, while spending a similar fraction of their lives in retirement; those in the top quartile of educational attainment can work a full one to two years longer than those in the bottom quartile and still maintain their 1979 ratios.
Introduction
As the gap between retirement needs and resources grows, many researchers have prescribed the antidote of working longer. For individuals in good health, working longer increases monthly Social Security benefits, allows them to accumulate more savings, and reduces the number of years that savings need to cover. To some extent, individuals seem to be taking the prescription to heart -the average retirement age has increased over the last few decades. 1 And since life expectancies are also increasing, it seems reasonable that people might choose retirement ages that permit them to spend similar fractions of their lives in work versus retirement compared to workers from past generations.
While the need to work longer holds across all socioeconomic strata, longevity gains may be unequally distributed. Low socioeconomic status (SES) workers may have experienced smaller increases in longevity in recent decades. If mortality disparities between high-and low-SES individuals are increasing, policy proposals that encourage delayed retirement, such as an increase in Social Security's Early Eligibility Age (EEA) or Full Retirement Age (FRA), may increasingly disadvantage low-SES individuals, causing them to spend higher fractions of their lives at work compared to their higher-SES counterparts. Indeed, several studies have expressed concern about the impact of requiring individuals with shorter life expectancies to work longer. 2 Understanding how mortality disparities have changed over time is therefore a crucial contribution to any discussion of the equity of these policies. Yet, until very recently, little research has focused on trends in mortality by SES.
To address this gap in the literature, this paper uses National Longitudinal Mortality Study (NLMS) data to calculate the extent to which mortality disparities increased between 1979 and 2011, using education as a proxy for SES. 3 However, using actual educational attainment as a proxy for SES may overstate differences in longevity gains by SES because high school dropouts have become a much smaller group over time. Prior to World War II, fewer than half of individuals graduated from high school; today over 80 percent do. The expanding mortality gap between high school dropouts and the more educated may simply reflect the increasing selectivity of the dropout group, not any underlying change in the relationship between SES and 1 Munnell (2015) . 2 See, for example, Aaron and Burtless (2013) , Panis et al. (2002) , Leonesio, Vaughn, and Wixon (2003) , Weller (2005) , Haverstick et al. (2007) , Turner (2007) , Munnell and Libby (2007) , Cutler (2009) , Monk, Turner, and Zhivan (2010) , and Cutler et al. (2011) . 3 The National Longitudinal Mortality Study began yearly collection in 1979.
mortality. To control for this possibility, we assign equal shares of individuals in each birth cohort to quartiles of educational attainment.
To inform discussions of the equity of increasing the retirement age, the paper calculates counter-factual retirement ages that vary by educational quartile and gender and hold constant the fraction of life spent in work and retirement for each SES group between 1979 and 2011.
Although the primary interest of this paper is the life expectancy of workers reaching retirement age, it is worth noting that pushing the retirement age back also means more individuals will die before reaching that age (and thus experience only years in work). Therefore, these counterfactual retirement ages are calculated in two ways: 1) for workers conditional on surviving to the 1979 FRA of 65 and 2) for workers conditional on reaching age 22 (allowing some individuals to die prior to reaching retirement). These calculations illustrate the extent to which policies that encourage delayed retirement and treat low-and high-SES workers alike may increase disparities in retirement duration relative to working life. To date, such calculations have been hampered by the absence of estimates of mortality trends across SES groups.
We find that both age-65 and age-22 life expectancies have increased for all SES groups.
If morbidity tracks mortality, all groups should be able to work longer in the future. At the same time, we also find that differences in life expectancies between those in the bottom educational quartile and those in the top have widened over time. For example, between 1979 and 2011, life expectancy at age 65 for males in the lowest to highest educational attainment quartiles increased by 4.0, 5.1, 5.5 and 6.1 years, respectively. The trends are similar for women, albeit with smaller improvements, at 1.4, 2.7, 2.3 and 3.2 years, respectively. 4 These patterns mean that the length of time spent in retirement has increased disproportionately for the most educated. To illustrate this point, a male in the bottom educational quartile who started work at 22 and survived to retire at the Full Retirement Age of 65 in 1979 would be expected to spend 0.36 years in retirement for each year spent working. Due to their longer age-65 life expectancy, the comparable number for an individual in the top quartile in 1979 is 0.44. In 2011, the individual in the bottom quartile could retire at age 68.1 and achieve his historical ratio of years working to retirement of 0.36, while an individual in the top quartile could retire at 69.6 -1.5 years later -to maintain his ratio of 0.41. While both sets of workers can work longer than they could in 1979, individuals in the top quartile can retire much later while enjoying the same relative time spent in retirement as their 1979 counterparts.
The remainder of this paper is organized as follows: the first section summarizes the literature; the second section describes the data; the third section describes the empirical analysis; the fourth section the results; and the final section concludes.
Literature
While little attention has been given to mortality trends by SES, a large body of research has established a cross-sectional relationship between mortality and SES. One cross-sectional study -using NLMS data for 1979-1989 -found that high-SES individuals have substantially lower mortality rates (Brown, Liebman, and Pollet 2002) , but this study did not explore trends in SES mortality differentials over time. A more recent study found an inverse correlation between lifetime earnings and mortality that extends up through most of the income distribution, but had limited data available to study trends (Waldron 2013) .
Most studies of mortality trends, for example Lee and Carter (1992) , do not decompose trends by SES, and the few studies that do show mixed results. Rogot, Sorlie, and Johnson (1992) found that education-related mortality differentials were the same in 1985 as those found by Kitagawa and Hauser (1973) More detail on how these variables are used in the educational reassignment algorithm is provided in the empirical analysis section.
Empirical Analysis
Like this study, Brown, Liebman, and Pollet (2002) use NLMS data. But in contrast to their use of actual education instead of quartiles and the restriction that the relative mortality rates of SES groups remain constant over time, we allow relative mortality rates to vary over time by gender, age, and educational quartile. The empirical analysis has several steps. First, the NLMS data are benchmarked against a common source of mortality data -U.S. Social Security Administration (SSA) period mortality tables -to ensure consistency. The second step is to assign people to an educational quartile so as to maintain the distribution of education over time. The third step is to use the NLMS data to calculate annual mortality rates by year, education, and gender. These mortality rates serve as inputs into a mortality regression that identifies levels and changes over time in mortality rates by SES. The final step is to use the regression outputs to construct mortality tables that are then used to calculate retirement ages that retain the 1979 relationships between the durations of periods spent working and in retirement.
Benchmarking the NLMS data
To confirm consistency with other widely used mortality data, we first benchmark the NLMS mortality data against SSA cohort life tables. 8 These tables show mortality rates by age and birth cohort. To conduct the comparison, NLMS data for individuals from the 1877-1959 birth cohorts are used to calculate mortality rates using the following formula:
where , is the mortality rate and , is the number of individuals alive at age x born at time t. For example, 75, 1920 would be the mortality rate for a 75-year-old born in 1920.
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To compare the mortality rates calculated in equation (1) report results of this comparison. Figure 1a shows that the NLMS data for men closely match SSA life tables, with a small discrepancy above age 91, at which point the NLMS sample shows slightly lower mortality. At high ages, the NLMS samples become quite small so some discrepancies are not surprising. For women, Figure 1b shows the two series match closely at all ages. Figures 1a and 1b confirm that the NLMS data are largely representative of the mortality experience of the relevant birth cohorts as estimated by the SSA.
Reassigning Educational Attainment
A major contention of this paper is that using an individual's level of educational attainment -high school, college, etc. -to measure SES may overstate changes in the mortality gap over time. This overstatement is possible because the share of high school dropouts has become much smaller over time and represents a more disadvantaged SES group than in the past.
A widening mortality gap between dropouts and those with more education could either gender. After 1968, the SSA uses this same method for all individuals under age 65, but uses Medicare data to calculate the mortality rate for individuals over age 65. Medicare data have the advantage of containing the number of deaths and the number of individuals alive for the population within the same dataset. 9 In the NLMS, a small fraction of individuals included in the sample have not yet been matched to a death certificate, despite having obviously reached ages where they are deceased (e.g., 135 years old). If they are not accounted for, these so-called immortals result in mortality rates that are artificially low at high ages. To account for this data issue, we identify the number of individuals over 105 years old and alive in 2011 for each birth cohort and subtract these individuals from the denominator of equation (1) for years in which they were in the sample. 10 Results were similar when weights representing the number of observations in the NLMS were used.
represent the actual impact of rising inequality by SES or simply the increasing disadvantage of this least-educated group.
To address this issue, we reassign educational attainments so that, for each birth cohort, an equal number of individuals is in each education quartile. We first estimate the following ordered probit model:
where y = 0 if y* (the exact but unobserved dependent variable) is ≤ 1 , the dividing line between less than high school and high school education; y = 1 if , the dividing line between high school and some college; y = 2 if ,the dividing line between some college and college graduation; y = 3 if , and is a vector of correlates of educational attainment including ethnicity, gender, industry, occupation, family income decile, family size, residence in an MSA, and state. In this specification, the ethnicity variable is defined as white non-Hispanic, black non-Hispanic, other non-Hispanic, and Hispanic; agriculture is grouped with manufacturing and construction, trades with personal services and entertainment; and occupation is defined as white or blue collar. Family income deciles are defined within birth cohorts and separately for households where the head of the household was retired versus working.
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We initially place those with less than a high school education in the bottom quartile, those with a high school education in the second quartile, those with some college in the third quartile, and college graduates in the top quartile. If more than 25 percent of individuals in a given birth cohort have a college degree, we reassign individuals from the top to the third quartile to reduce the size of the top quartile to 25 percent of the total. The probability of being selected and moved is proportional to the probability that someone with that individual's characteristics would not have graduated from college. Marginal college graduates are more likely to be reassigned. We then proceed in like fashion to reassign individuals with some college education to the second quartile, and those with a high school education to the bottom quartile, until we have equal numbers in each quartile. Among older birth cohorts, more than a quarter of individuals failed to graduate from high school, and the procedure for these cohorts starts with those with less than a high school education and works up through the quartiles.
12 For couples, the head of household was assumed to be male.
Constructing Period Life Tables
We then use the NLMS data to construct period mortality tables that vary with age, year, gender, and educational quartile. Even with this large sample, it is infeasible to allow mortality rates to vary flexibly with all of the above factors. Therefore, constraints are imposed.
Specifically, mortality is assumed to increase exponentially with age, a feature of mortality data that previous research dating back to Gompertz (1825) has shown to hold true until advanced ages. We further assume that, within each gender and SES group, all age groups experience the same annual percentage changes in their mortality rates.
These assumptions lead us to estimate the following model for each gender and educational quartile:
where a is a mortality rate at age 52, b is the exponential rate at which mortality increases with age, and c is the annual percentage rate of decline in mortality from 1979 onward.
Results Using Educational Quartiles
This section presents three types of results: 1) the regression results from the mortality models; 2) the corresponding increases in life expectancy by education; and 3) the changes in retirement ages between 1979 and 2011 that are consistent with neutral retirement-to-work ratios. This approach seems especially prudent since some developments which may have caused mortality rates to improve over the past 30 years will likely not continue into the future (e.g., smoking cessation), while other trends may offset mortality improvements (e.g., higher rates of obsesity). In all the models, mortality rates increase with age and decrease over time as can be seen through the positive coefficients on the age variable and the negative coefficients on the years that have passed since 1979. The model can also be used to predict mortality rates at other ages.
Mortality Models
For example, the age-65 mortality rates in 1979 for males are -from the lowest to highest educational quartiles -3.35, 3.02, 2.92, and 2.17 respectively.
The results can also be used to explore differences, based on education, in mortality reductions over time, as is shown in the second column of Table 4 . Most importantly, the results indicate that men and women in the top quartile have enjoyed significantly faster declines in mortality from 1979 through 2011 than have those in lower quartiles. 17 For males, annual reductions in mortality rates -ranging from the lowest to highest quartiles of educational attainment -are estimated at 1.5, 2.0, 2.2, and 2.5 percent, respectively (as shown in the second column of Table 3 ). The pattern is similar for women, with smaller annual reductions in all education quartiles than for men -0.5, 1.0, 0.9, and 1.2 percent, respectively.
Interestingly, as can be seen by positive coefficient differences in the first column of Table 4 , comparing the coefficients on age among educational quartiles for both men and women
shows that age-related increases in mortality are highest for those in the top quartile. This result implies that beyond some age, mortality is actually higher among those with more education.
For example, comparing males in the second quartile with those in the top quartile, and using 1979 period mortality, we calculate that this crossover point occurs at age 87 in 1979, although no such cross-over occurs in 2011 until implausibly late ages. Our 1979 finding is consistent with Brown, Liebman, and Pollet (2002) who use data from the late 1970s and early 1980s to obtain a mortality crossover at age 87 when comparing white males with some college to those with less education. Other authors have reported mortality crossover at old ages along the dimension of race, including most recently Yao and Robert (2011) who find that blacks at high ages have lower mortality than whites.
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Life Expectancy by Educational Quartile
The estimates above can be used to estimate survivor probabilities by SES starting as early as age 25. As an illustration, Figure 2a compares cumulative survival probabilities for men in the first and fourth quartiles of educational attainment, starting at age 25 for individuals turning 65 in 1979 and in 2011 (the 1914 and 1946 birth cohorts) . Figure 2b shows the same for women. Cumulative survival probabilities vary with socioeconomic status and are higher in 2011 than in 1979. For both men and women, the cumulative survival probability increased from 1979 to 2011 for both groups and by much more for the fourth quartile. This approach is in contrast to a "cohort" based approach, which allows mortality to reflect age and birth year. .5, 79.3, and 80.5 with improvements of 1.9, 3.5, 2.9, 3.9. For both men and women, the age-65 life expectancy increased across all educational groups and increased most for those in the top quartile.
Calculating Neutral Increases in Retirement Ages
The overall progressivity of the Social Security program depends on several factors, including, importantly, the progressivity of the benefit formula. But this effect is partially offset by the relationship between SES and longevity. In this section, we use a simple measure of the SES-longevity relationship: the ratio of the expected number of years spent in retirement to the expected number of years spent working. Table 6 Simply, all educational quartiles experienced an increase between 1979 and 2011, and it was greatest for the top quartile. In the third column, which incorporates the increases in the Full Retirement Age, the picture changes somewhat, but even females in the lowest education quartile -the group experiencing the smallest reductions in mortality -saw an increase in the ratio of years worked to years expected in retirement if retiring at 66 instead of 65 regardless of whether the calculation is started at age 22 or 65. Table 7 reports the Full Retirement Ages, by educational quartile, that would preserve the 1979 ratios between years spent in retirement and working. The first column reports the retirement ages that would hold the 1979 ratios constant by SES -so that 1979 inequalities would be maintained but not exacerbated -using 2011 period mortality. Under this assumption, men in the bottom quartile could work an additional 3.1 years once surviving until 65, retiring at 68.1, while those in the top quartile could retire at 69.6 -a full 1.5 years later than the bottom quartile. For women surviving to 65, those in the bottom quartile need to retire at 66.0 to maintain the 1979 ratio, while those in the top quartile can work until 67.2 to maintain the 1979 status-quo. As Table 7 shows, the overall conclusion doesn't change when performing the calculations for age-22 survivors.
The second column reports retirement ages assuming that each educational group needs to retire at an age that will provide them with the average 1979 ratio of years in work to retirement -so that all workers enjoy the same ratio of years spent at work to years in retirement.
Under this assumption, the differences in 2011 between top-and bottom-quartile retirement ages are more extreme. For men surving until 65 in 2011, those in the bottom quartile can work an additional 2.7 years and retire at 67.7, spending 0.30 years in retirement for each year in work, the average 1979 ratio. Those in the top quartile can retire at 70.4, a full 3.3 years longer, while maintaining the 0.30 ratio. For women, the corresponding numbers are 65.6 and 67.6. The results are qualitatively similar if the calculation is instead started at age 22. The results in Table   7 highlight the two major findings of this paper: due to rising longevity, all workers today can work longer than in 1979 while maintaining their 1979 ratio of years spent in retirement to work, but the number of additional years differs substantially by SES.
Conclusion
To strengthen income security in retirement, many researchers have suggested that
Americans work longer. One policy proposal that is consistent with encouraging longer worklives -as well as reducing Social Security's long-term financial shortfall -is increasing Social Security's Early Eligibility Age or Full Retirement Age. To the extent that such changes do lead to longer worklives, a potential concern is that they might disadvantage low-SES individuals who, on average, die younger, and would lose a larger proportion of their retirement years. On the one hand, assuming morbidity tracks mortality, individuals of all SES groups should be able to work longer than they did in 1979, because mortality has improved across the board.
On the other hand, the analysis also shows that disparities in life expectancy that existed in 1979 have grown over time. This finding implies that efforts to encourage individuals to work longer will mean that low-SES workers will spend a smaller fraction of their lives in retirement.
This difference is non-trivial. For men to simply maintain the same disparity in years spent in retirement to years spent working that existed in 1979 -and assuming a 1979 retirement age of 65 -those in the top quartile can work a full 1.5 years longer than those in the bottom quartile.
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